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The effect of shift structure on worker performance and productivity is an issue of increasing interest
to firms and regulatory bodies. Using approximately 742,000 emergency medical incidents attended
by 2,400 paramedics in the state of Mississippi, we evaluate the extent to which paramedics’ performance
towards the end of their shift is impacted by its length. We find evidence that their performance deteriorates
towards the end of long shifts, and argue that fatigue is the mediating factor. These findings have implications
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to  meet  increasing  global  demand  and  to  take  advantage  of  sophisticated  and  expensive 
technology. In other industries, such as media, communications, electric utilities and nuclear 







continuous  processes  exist  to  manage  demand  fluctuations.  For  instance,  automotive, 
electronics, semiconductor, and pharmaceutical industries all organize large parts of their labor 
force into shifts. Similarly, most retailers organize work in shifts. In aviation, public transit, 















medical  education,  for  example,  the  Accreditation  Council  for  Graduate  Medical  Education 
(ACGME)  implemented  duty  hour  restrictions  in  2003  for  all  ACGME‐accredited  residency 
programs,  following  concerns  about  deaths  associated  with  medical  errors  in  US  hospitals 
(Nasca  et  al.  2010).1  Recent  studies  have  found  that  extended  work  hours  of  health  care 
workers, including residents and nurses, are related to increased medical errors, including more 
frequent  diagnostic  errors,  and  slower  completion  of  procedural  tasks  (Arnedt  et  al.  2005). 
However,  there  is  a  paucity  of  research  which  isolates  fatigue  as  the  mediating  factor  for 







In  this  study,  we  examine  the  relationship  between  shift  structure  and  productivity  in 
Emergency  Medical  Services  (EMS),  where  there  is  considerable  variation  in  shift  structure. 
Specifically, we analyze paramedic performance in emergent medical and trauma incidents by 
tracking all paramedics in the state of Mississippi over five years. We first adopt a paramedic 















their  shift  compared  to  their  own  performance  when  working  shorter  shifts.  In  addition, 
estimating dose‐response relationships between duration in shift and performance reveals steep 
declines in the number of pre‐hospital interventions performed in emergent incidents. Given   5 






Our  data  come  from  the  Mississippi  Emergency  Medical  Services  Information  System 



















































































































lit  county  road  will  likely  pose  greater  difficulties  for  paramedics  than  the  same  accident 













that  occurs  in  the  last  quarter  of  a  paramedic’s  24‐hour  shifts  relative  to  that  which  he 
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where  yisp  is  a  measure  of  performance  for  paramedic  i  attending  patient  p  during  shift  s; 












hours  of  inactivity  before  the  beginning  of  the  current  shift.6  There  are  minimum  volume 
restrictions for EMTs to be certified at a higher level, and so the majority of providers in our 
data switched certification level during their tenure. Moreover, while drivers are less likely to 














































We  provide  summary  statistics  for  medical  and  trauma  runs  in  our  data,  broken  by  shift 
structure, in Tables 3a and 3b. In particular, these report the six different dependent variables of 
interest  (total  out‐of‐hospital  time,  on‐scene  time,  response  time,  transport  time,  number  of 




hour  shift  counterparts  for  both  trauma  and  medical  runs  (35.17  versus  36.20  minutes  for 
trauma incidents and 35.33 versus 35.86 minutes for medical incidents). These differences arise 
from longer on‐scene and transport times among paramedics on shorter shifts, though they are 

























































































































indicator  for  whether  procedures  were  performed  at  all,  then  on  the  number  of  procedure 
conditional on this indicator equaling one. The results in Table 4 indicate that for trauma, the 
intensive  margin  appears  to  be  driving  the  results:  conditional  on  performing  at  least  one 
procedure, paramedics on long shifts engage in 0.24 (or 11%) fewer interventions.8 
 
It  is  worth  noting  that  no  such  selection  on  prehospital  procedures  is  detected  for  medical 
incidents.  Ex  ante,  this  may  make  sense  since  EMS  responses  to  medical  emergencies  are 
standardized  to  a  much  greater  degree  than  in  trauma  incidents.  Paramedic  training  and 





















comes  from  the  timing  of  calls  (midnight  to  6AM),  rather  than  from  the  duration  of  shifts 
directly. Second, focusing on calls between midnight and 6AM as the relevant time window for 





structure  of  paramedics,  and  when  shifts  begin  in  particular,  is  not  observed.  We  merely 







   ;   ...
   ;
   ;
1) - (k k ) 1 (
1 2 1 2
1
is is k is isk
is is is is
is is
T T d d





















































Figures  4a  (Trauma  Incidents)  and  4b  (Medical  Incidents).  For  trauma  incidents,  the  dose‐  24 

























Lastly,  it  is  worth  noting  that  detecting  a  relationship  along  the  margin  of  the  number  of 
procedures in medical incidents in the dose‐response approach but not in the difference‐in‐



















While  this  is  primarily  a  measurement  paper,  the  impact  of  shift  structure  on  workers’ 
performance  is  an  issue  that  has  received  increasing  attention  by  regulatory  bodies  in 



























revealed  steep  declines in  the  numbers  of  prehospital  interventions, particularly  for  trauma 
incidents.  We  argue  that  this  margin  in  particular  provides  the  most  convincing  piece  of 
evidence that fatigue plays a role in the performance of paramedics on long shifts. Given the 
mixed results in the literature on the link between shift duration and worker performance, our 
study  of  a  large‐scale  observational  setting  contributes  to  the  evidence  by  showing  that 
performance  deteriorates  with  shift  length,  the  underlying  mechanism  likely  being  fatigue. 
Clinical studies of fatigue have shown that it is associated with slower reaction times, lapses of 











schedule,  more  than  21  million  wage  and  salary  workers  in  the  U.S.  (17.7  percent)  work 










































back‐to‐back  shifts).  This  would  certainly  apply  if  individuals  held  a  single  job.  However, 
anecdotal evidence suggests that paramedics working 24‐hours shifts have two or three days off 


















and  Contemporary  Paradoxes,  in  Lisa  A.  Keister  (ed.)  Workplace  Temporalities  (Research  in  the 
Sociology of Work, Volume 17), Emerald Group Publishing Limited, pp.313‐341 
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2001 23.4% 20.7% 24.0% 18.4%
2002 27.2% 24.3% 27.2% 21.4%
2003 29.2% 25.9% 29.3% 22.6%
2004 29.3% 25.7% 29.4% 22.6%
2005 32.0% 27.8% 32.4% 24.4%

































2001 42.6% 19.3% 19.0% 37.7% 18.4% 22.2%
2002 43.9% 20.8% 24.9% 42.1% 21.1% 25.6%
2003 44.8% 23.5% 26.5% 41.9% 22.1% 28.9%
2004 43.9% 23.6% 26.8% 42.7% 23.9% 28.2%
2005 46.9% 27.9% 28.9% 46.1% 25.5% 32.1%





Variable Mean Std. Dev. Mean Std. Dev. t‐stat
Total Out‐of‐Hospital Time 35.17 16.92 36.20 16.08 ‐10.69
On Scene Time 14.23 8.41 14.81 8.41 ‐11.83
Response Time 8.25 6.15 7.88 5.90 10.54
Transport Time 12.69 9.75 13.51 9.49 ‐14.78
Number of People (in run) 1.39 0.80 1.30 0.70 19.13
Number of Procedures 2.14 2.28 1.95 2.14 14.83
Race: White 0.544 0.498 0.568 0.495 ‐8.38
Race: Black 0.419 0.493 0.401 0.490 6.60
Race: Other 0.036 0.187 0.031 0.173 4.99
Female 0.556 0.497 0.552 0.497 1.55
Motor Vehicle Crash 0.549 0.498 0.522 0.500 9.59
Gunshot 0.015 0.122 0.015 0.121 0.36
Fall 0.305 0.460 0.322 0.467 ‐6.62
Motorcycle 0.013 0.113 0.011 0.102 3.59
Pedestrian 0.016 0.124 0.018 0.132 ‐3.01
Cutting / Stabbing 0.022 0.148 0.024 0.152 ‐1.59
Assault 0.081 0.272 0.089 0.285 ‐5.59
Location: Other 0.441 0.497 0.473 0.499 ‐11.26
Location: City Street 0.189 0.392 0.224 0.417 ‐15.11
Location: County Road 0.115 0.319 0.079 0.269 20.32
Location: Highway 0.255 0.436 0.224 0.417 12.52






Variable Mean Std. Dev. Mean Std. Dev. t‐stat
Total Out‐of‐Hospital Time 35.33 17.61 35.86 16.87 ‐10.44
On Scene Time 12.92 7.79 13.35 8.14 ‐18.86
Response Time 8.88 6.93 8.39 6.69 24.15
Transport Time 13.53 11.32 14.12 10.60 ‐17.85
Number of Procedures 1.95 2.25 2.06 2.39 ‐15.55
Race: White 0.540 0.498 0.560 0.496 ‐13.68
Race: Black 0.439 0.496 0.421 0.494 12.51
Race: Other 0.021 0.143 0.019 0.137 4.34
Female 0.581 0.493 0.567 0.495 9.47
Cardio 0.249 0.432 0.266 0.442 ‐13.40
Gastrointestinal 0.117 0.321 0.136 0.343 ‐20.45
Neuro 0.148 0.355 0.163 0.370 ‐14.31
Genitourinary 0.015 0.120 0.013 0.113 4.96
Psych / substance Abuse 0.038 0.191 0.063 0.243 ‐41.75
Constitutional 0.271 0.445 0.301 0.459 ‐22.68
Other 0.162 0.369 0.057 0.232 106.26
Location: Other 0.115 0.319 0.123 0.329 ‐4.37
Location: Road/Highway 0.034 0.181 0.032 0.176 1.97
Location: Residence 0.639 0.480 0.611 0.488 10.16
Location: Healthcare Facility 0.212 0.409 0.234 0.424 ‐9.33
Obs 159,392 Obs 428,225  42 
Table 4: Random Assignment Regressions with Paramedic, Contract Area, and Hour of the Day Fixed Effects 
Medical Incidents
(N=521,087) White Black Other Race Female County Road Highway Drowning Smoke Poison Overdose Breathing Diff Chest Pain Hemorrhage
Model [1]
Treatment 0.0000 ‐0.0007 0.0007 0.0020 ‐0.0003 ‐0.0001 0.0001 ‐0.0001 ‐0.0001 0.0001 0.0010 ‐0.0002 ‐0.0008
[0.0026] [0.0026] [0.0008] [0.0025] [0.0004] [0.0007] [0.0002] [0.0001] [0.0002] [0.0004] [0.0018] [0.0014] [0.0005]
Treatment x Post 0.0079 ‐0.0063 ‐0.0016 0.0093 ‐0.0022 ‐0.0002 ‐0.0010 0.0006 ‐0.0002 0.0006 0.0073 0.0073 0.0019
[0.0072] [0.0072] [0.002] [0.0079] [0.0013]* [0.0017] [0.0007] [0.0006] [0.0006] [0.0017] [0.0059] [0.0046] [0.0017]
Model [2]
Treatment ‐0.0001 ‐0.0007 0.0007 0.0021 ‐0.0003 0.0000 0.0001 ‐0.0001 ‐0.0001 0.0000 0.0010 ‐0.0002 ‐0.0008
[0.0026] [0.0026] [0.0008] [0.0025] [0.0004] [0.0007] [0.0002] [0.0001] [0.0002] [0.0004] [0.0018] [0.0014] [0.0005]
Treatment x Post 0.0078 ‐0.0063 ‐0.0016 0.0092 ‐0.0022 ‐0.0002 ‐0.0010 0.0006 ‐0.0002 0.0006 0.0071 0.0073 0.0019
[0.0073] [0.0072] [0.002] [0.0079] [0.0013]* [0.0017] [0.0007] [0.0006] [0.0006] [0.0017] [0.0059] [0.0046] [0.0017]
Model [3]
Treatment 0.0000 ‐0.0007 0.0008 0.0021 ‐0.0003 ‐0.0001 0.0000 ‐0.0001 ‐0.0001 0.0000 0.0012 ‐0.0001 ‐0.0008
[0.0026] [0.0026] [0.0008] [0.0025] [0.0004] [0.0007] [0.0002] [0.0001] [0.0002] [0.0004] [0.0018] [0.0014] [0.0005]
Treatment x Post 0.0078 ‐0.0062 ‐0.0015 0.0093 ‐0.0022 ‐0.0002 ‐0.0010 0.0006 ‐0.0002 0.0006 0.0073 0.0074 0.0019
[0.0072] [0.0072] [0.002] [0.0079] [0.0013]* [0.0017] [0.0007] [0.0006] [0.0006] [0.0017] [0.0059] [0.0046] [0.0017]
Trauma Incidents
(N=143,708) White Black Other Race Female County Road Highway MVC Gunshot Fall Assault Dislocated Arm Back Pain Burn (Face)
Model [1]
Treatment 0.0039 ‐0.0038 ‐0.0001 0.0036 ‐0.0017 ‐0.0021 0.0030 0.0000 ‐0.0016 0.0022 ‐0.0019 ‐0.0058 0.0000
[0.006] [0.006] [0.002] [0.0055] [0.0042] [0.0055] [0.0059] [0.0012] [0.0053] [0.0029] [0.0016] [0.004] [0.0003]
Treatment x Post 0.0187 ‐0.0055 ‐0.0132 ‐0.0075 ‐0.0064 ‐0.0022 ‐0.0072 ‐0.0041 0.0147 ‐0.0012 0.0015 0.0157 ‐0.0002
[0.0162] [0.0159] [0.0074]* [0.0163] [0.0123] [0.0145] [0.0182] [0.0058] [0.0151] [0.0138] [0.0046] [0.0112] [0.001]
Model [2]
Treatment 0.0036 ‐0.0036 0.0000 0.0036 ‐0.0018 ‐0.0021 0.0030 0.0000 ‐0.0016 0.0022 ‐0.0020 ‐0.0058 0.0000
[0.006] [0.006] [0.002] [0.0055] [0.0042] [0.0056] [0.0059] [0.0012] [0.0053] [0.0029] [0.0016] [0.004] [0.0003]
Treatment x Post 0.0185 ‐0.0053 ‐0.0132 ‐0.0081 ‐0.0063 ‐0.0022 ‐0.0075 ‐0.0041 0.0148 ‐0.0010 0.0015 0.0157 ‐0.0002
[0.0163] [0.0159] [0.0074]* [0.0163] [0.0123] [0.0145] [0.0182] [0.0058] [0.0151] [0.0138] [0.0046] [0.0112] [0.001]
Model [3]
Treatment 0.0036 ‐0.0036 0.0000 0.0037 ‐0.0017 ‐0.0022 0.0030 0.0000 ‐0.0016 0.0022 ‐0.0019 ‐0.0056 0.0000
[0.006] [0.006] [0.002] [0.0055] [0.0042] [0.0055] [0.0059] [0.0012] [0.0053] [0.0029] [0.0016] [0.004] [0.0003]
Treatment x Post 0.0184 ‐0.0053 ‐0.0132 ‐0.0080 ‐0.0062 ‐0.0022 ‐0.0076 ‐0.0041 0.0149 ‐0.0010 0.0015 0.0161 ‐0.0002












Outcome Coef SE Coef SE
First Response Time* T 0.0812 [0.07072] 0.0107 [0.03777]
T x Post 0.9427 [0.20572]*** 0.7323 [0.11134]***
On Scene Time* T ‐0.1003 [0.09489] 0.0544 [0.04338]
T x Post ‐0.2172 [0.32279] ‐0.0503 [0.12455]
Transport Tiime T 0.2252 [0.10082]** 0.0700 [0.06906]
T x Post 0.0659 [0.28038] 0.4373 [0.15146]***
Out‐of‐Hospital Tiime T 0.1825 [0.17045] 0.1299 [0.09871]
T x Post 0.9937 [0.53774]* 1.1458 [0.25495]***
Number of Procedures* T 0.0213 [0.02633] 0.0106 [0.01087]
T x Post ‐0.1825 [0.07519]** ‐0.0405 [0.02906]
At Least One Procedure* T ‐0.0043 [0.00534] 0.0048 [0.00278]*
T x Post ‐0.0014 [0.0146] ‐0.0086 [0.00673]
Number of Procedures* T 0.0327 [0.02968] 0.0080 [0.01171]
Conditional on at Least One T x Post ‐0.2437 [0.08595]*** ‐0.0351 [0.03366]
Minutes per Procedure* T ‐0.1504 [0.07621]** 0.0198 [0.03109]
T x Post 0.3578 [0.2611] 0.1013 [0.08837]
N 143,708 521,087
N (conditional on >1 procedure) 99,828 291,687
Notes: Outcomes that are marked with an asterisk (*) do not control for procedures. T = 1(24‐hour shift); Post = 1(Midnight to 6AM).
Standard errors are clustered at the paramedic level. ʺ*ʺ, ʺ**ʺ,a n dʺ***ʺ indicate significance at the 10%, 5%, and 1% levels,
respectively. 
All models control for the certification levels of both the driver and paramedic (indicators for EMT‐Driver, EMT‐Basic, EMT‐
Intermediate, EMT‐Paramedic), their tenure in years, and their hours of inactivity before the beginning of the current shift. All models
also control for EMS service area fixed effects, patient demographics (indicators for race, gender, and 12 age categories), location of
incident (street, clinic, physicianʹs office, farm, hospice, hospital, county road, industrial site, nursing home, office, public place,
residence, restaurant, school, highway, other location), and hour of day, day of week, month of year, and year indicators. We also
control for the driverʹs shift structure in the same (difference‐in‐differences) manner as the paramedic, though only the latterʹs
coefficients are reported.
Trauma models additionally control for indicators of type of trauma (falls, gunshot wounds, cuts or stabbings, assaults, motor vehicle
crashes, and motorcycle and pedestrian accidents), and injury characteristics (70 interactions of injured body part and injury type).
Medical models control for indicators of incident type (e.g. cardiac event, drowning, poisoning, etc) and 32 indicators of patient
symptoms. 
 